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RADAR TRANSCRIPTIONS FROM AN/FPS-95
TO MADRE OTH RADAR (U)

I. INTRODUCTION (U)

(U) The AN/FPS-95 was designed to become an operational radar for
OTH detection and tracking of aircraft, while the MADRE radar was
designed to perform research. Considerable data and background infor-
mation have been accumulated with the MADRE radar. Data processors
and displays of the two radars are radically different. It therefore
became desirable to process the raw signals from the FPS-95 on the
MADRE processor in order to determine the relative performance of the
two radars as well as compare the two signal processors and display
systems.

(U) In effect, a third processor was utilized by programming a
Xerox Sigma 5 computer; this work has been reported elsewhere (Ref. 1).

II. TAPE CONVERSIONS (U)

(U) The FPS-95 and MADRE radars both have the capability to record
the receiver outputs on magnetic tape. However, to be able to play
back an FPS-95 recording on the MADRE processor it is necessary to
adjust for the following differences:

. Nine vs seven track recording

. Number of range bins

. Tape header length and composition
. Number of data words per record

. Number of data channels

. Number of bits per data word

(o NNE, B s O

(U) These adjustments are accomplished on a CDC-3800 general pur-
pose computer using the program listed in Appendix I. A very brief
description of this program follows.

(U) Data cards containing the range bins desired and other pro-
cessing parameters are read. The first record from FPS-95 tape is read
(Subroutine RECORDIN) and the next record is started to conserve com-
puter time. Meanwhile the first header is interpreted (Subroutines
HEADER1 and HEADER2). Data from the header is used to form a MADRE
header (Subroutine FORMHDS) and set additional parameters (Subroutine
SELECTER) such as PRF code, number of bins, and record size. The

Manuscript submitted March 4, 1974
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program is then ready to transfer data words. This is done in three
nested loops arranged to handle PRF intervals, range bins, and channels
with channels being the inner loop. On completion of each PRF interval,
if the input data from the last tape record have been exhausted, the
next record (Subroutine NEXTIN) is read and processing continues. When
the proper output record size for MADRE is reached (as determined by
loop limits), an output record is made (Subroutine TAPE) and the pro-
cess repeats. Throughout this process, an accurate account of time is
kept by counting the PRF intervals and dividing by the PRF. This is
updated from input tape headers to insure synchronism.

ITI. DATA PROCESSING DURING CONVERSION (U)

(U) During the tape conversion already described it is not too
difficult to do some operations on the data to supplement the MADRE
signal processor. Experiments were made with two processes - clutter
filtering and doppler shifting.

(U) Clutter filtering was a logical experiment because the FPS-95
signal processor incorporates this feature while the MADRE clutter fil-
ter is essentially inoperative. Thus by doing the clutter filtering
during preparation of tapes, one obtains a more direct comparison of
the two signal processors. The program used provides a Butterworth
filter (Subroutine BUTTR) in which the number of poles, notch width,
and gain can be varied. Selection of the gain was best determined by a
short preliminary computer run to observe the signal level generated.
The gain was automatically adjusted downward from a high level until an
acceptable criterion was reached.

(U) The MADRE signal processor eliminates the very low doppler
frequencies. Doppler shifting by an amount equal to the PRF divided
by four is easy to do during transcription and can be useful in exam-
ining the backscatter return and slow moving targets.

IV. TEST PROGRAM (U)

(U) 1In the process of correcting the program it was observed that
certain errors cause a skewing of the data which produced a smearing of
the normal radar displays. Depending on the degree, this type of error
could be imperceptible from the displays. For this reason it was im-
perative that a test program be developed (see Appendix II). This pro-
gram generates an artificial record of data having an easily recog-
nizable pattern. Contained in the data word are numbers for the
channel, range bin and pulse interval. The data are transcribed and
then printed for visual inspection of individual data words.

£
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V. PROBLEMS ENCOUNTERED DURING PLAYBACK (U)

(U) The FPS-95 has only one data sample rate, namely, 4000 Hz.
The basic sample rate for the MADRE processor is 3960 Hz; however,
this effectively changes whenever it is instructed to process a non-
standard PRF. Because of this difference it is not possible to have
the range and doppler cursors both reading correctly at the same time.
The range will be correct whenever the effective sample rates match and
the doppler readings will be correct when the original PRF is used.
Actually, rather than the sample rate changing with the actual PRF in-
struction, the MADRE processor changes scaling for the various strobes
and digital readout. However, for the purpose of explanation this can
be regarded as a change in the effective sample rate.

(U) Scaling is further compounded because the first range bin
recorded on FPS-95 tape does not always match the first range bin
expected on MADRE tape. One additional correction is required because
the FPS-95 samples did not occur at the center of the pulse with the
exception of the 0.25-ms pulse length. The following formula has been
evolved to account for the above:

FPS-95 True Range = (RB offset in nmi) + (MADRE RB No. - 1) x
(FPS-95 RB width) - (Pulse length correction)

The FPS-95 RB width is 20.24 nmi and the pulse length correction is
shown below.

Pulse Length (ms) Correction (nmi) First RB Recorded
0:25 0 2
0.50 -11 3
0. 75 -21 4
1.0 -31 5
1.5 -71 5
2.0 -91 5
3.0 -131 5

(In the FPS-95 displays this correction was made automatically.)

(U) The MADRE strobe readout can be corrected according to the
following formula:

Corrected MADRE Range Readout = [ (Actual MADRE Readout) x
(MESR + FSR)] + (RB Offset in nmi) - (Pulse Length Correction)

where MESR = MADRE Effective Sample Rate
= 3960 x Actual MADRE PRF + Original FPS-95 PRF
FSR = FPS-95 Sample Rate = 4000

| ot | 3 “eEcRET )
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(U) In measuring time on a MADRE doppler vs time display, the
time scale is corrected as follows:

Corrected MADRE Time Readout = Actual MADRE Readout x Actual
MADRE PRF + Original FPS-95 PRF

As an example, a tape was transcribed and played back so that the
doppler readings would be correct. This then resulted in the range
relationships shown in Table I.

VI. RESULTS (U)

(S) An example of the results produced by this program has been
previously reported in Ref. 2. Two additional missile observations
have been made; one occurring on 14 Oct 1972 for Plesetsk at 0617 GMT.
The observed signature is shown in Figs. 1 and 2. This is most likely
an ionospherically refracted return from the burning missile for the
following reasons:

1. The signal commenced 3% minutes after reported launch time
and lasted 40 seconds. Thus the missile would reach altitudes under
refracted illumination but be below the ionosphere.

2. The measured slant range is 327 nmi beyond the launch point.
Ionospheric perturbations are usually observed at double the range of
ionospheric missile penetration.

3. The target changed range at an average rate of 8936 knots.
4. The signal is discrete in range for its entire duration.

(S) This detection would undoubtedly have continued beyond 40
seconds were it not for the fact that it disappeared into the trans-
mitter pulse at the end of the PRF interval. Also the beginning of
the interval was obscured by heavy clutter returns.

(S) Another example is shown in Figures 3, 4, and 5. This
missile was reported launched at 0736 GMT from the Northern Fleet
Missile Test Center (NFMTIC). A signature at 1430 nmi (70 nmi beyond
launch slant range) commenced 4 min. 37 sec. after launch and lasted
1 min. 29 sec. (Figs 3 and 4) This was immediately followed by another
signature at 2357 nmi (1000 mi beyond launch) commencing 6 min. after
launch and lasting 1 min. 54 sec. (Fig. 5) It is entirely possible
that more detailed analysis would reveal the significance of these
signatures.

VII. CONCLUSIONS (U)



TABLE I - RANGE BIN CORRELATION TABLE
FOR THE FOLLOWING CONDITIONS:

FPS-95 PRF = 40 Pulse Length = 1 ms First RB on FPS-95
tape transcribed to MADRE-type tape = 4th MADRE processor
PRF = 40.00
FPS-95 MADRE
RB No. Computed RB No. Computed and Transcription
Range Displayed Range True Range
1% 0
2% 20.24
3% 40.5
4% 60.7
5 81.0
6 101.2 1 0
7 121.4 2 23
gt 141.7 3 46 111
9 1619 4 69 131
10 182.2 5 92 151
11 202.4 6 115 171
12 222.6 7 138 192
93 1862.1 88 2001 1831
100 ‘ 2024

True range = (MRB - 1) x(20.24) + 101.2 = .31
where MRB = MADRE range bin number

Corrected range = (MADRE readout x 0.88) + 101.2 - 31

* Not available

* First range bin transcribed



o

(U) Tapes played back on the MADRE system have served to empha-
size the weakness in the FPS-95 display system. Despite the fact that
the MADRE processor has less dynamic range (12 bits vs 16), it has
consistently been possible to make detections on an initial playback
that were missed in either real time or playback on the FPS-95 system.

(S) Five periods of observation have been converted to date.
Four of these cover missile launches and in each case evidence of the
missile was detected. Every tape produced numerous aircraft tracks
in areas of suitable radar coverage.

(U) This program has served as a useful medium for investigating
the effectiveness of various signal processing procedures such as
digital clutter filtering, doppler frequency shifting, and selection
of data word bits (when the data word size exceeded the processor capa-
bility). A dynamic selection of data word bits on a range-bin basis
promises to yield further improvement and may be attempted in the
future. :
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(S) Fig. 1 - Range vs doppler display for 10/14/72 at
06:20:36 GMT. Range strobe is centered on missile
signature at 1798 nmi.



(S) Fig. 2 - Time vs doppler display for 10/14/72
showing 248 seconds ending at 06:22:43 GMT. The
range bins selected cover 1690 to 1831 nmi and the

time strobe is at 16:20:36 GMT.
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(S) Fig. 3 - Time vs doppler display for 10/31/72
showing 16 minutes and 30 seconds ending at 07:47:44
GMT. The range bins selected cover 1285 to 1366 nmi
and the missile signature can be seen about one-third
of the distance from the right-hand side.
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(S) Fig. 4 - Same as Fig. 3 except for expanded time
scale (4 min. shown), Missile signature occurs be-
tween 07:40:37 and 07:42:06 GMT.

i




(S) Fig. 5 - Time vs doppler display for 10/31/72
showing 240 seconds ending at 07:44:31 GMT. The
range bins selected for the upper trace cover 2237
to 2318 nmi.
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